Purpose To determine whether the concentrations of vascular endothelial growth factor (VEGF) and monocyte chemoattractant protein (MCP)-1 in the vitreous changed after vitrectomy in patients with proliferative diabetic retinopathy (PDR). Participants Twenty-one eyes of 21 patients who needed a second surgery for PDR were included. The reasons for the second surgery were tractional retinal detachment (TRD), neovascular glaucoma, persistent vitreous hemorrhage, macular pucker, and secondary intraocular lens (IOL) implant. Methods We measured the VEGF and MCP-1 levels using sandwich enzyme-linked immunosorbent assays in vitreous samples collected from patients with PDR before pars plana vitrectomy (without IOL implantation), and from the same patients during the second surgery. Results There was not significant change in mean VEGF concentrations when comparing first (0.81 ± 0.88 ng/ml) and second surgeries (1.09 ± 1.51 ng/ml). The MCP-1 level was significantly elevated at the time of second surgery (2.20 ± 2.21 ng/ml) compared with the first vitrectomy (0.72 ± 0.57 ng/ml). The MCP-1 levels of the second surgery cases with TRD (3.18 ± 2.27 ng/ml) increased significantly compared with those with other complications (1.72 ± 2.10 ng/ml). Conclusions At the second vitrectomy, VEGF did not change significantly in the vitreous of the patients examined. The MCP-1 concentration was markedly elevated at the second vitrectomy, implying an association between the prolonged inflammation after vitrectomy and complications, especially TRD.
Introduction
Proliferative diabetic retinopathy (PDR) is a leading cause of severe vision loss in people living in developed countries. Treatment can reduce the visual loss, but it is not always accessible or successful. Late complications of PDR are vitreous hemorrhage, neovascular glaucoma (NVG), tractional retinal detachment (TRD), combined tractional and rhegmatogenous retinal detachment, and severe fibrovascular proliferation. Pars plana vitrectomy (PPV) is the only treatment in these types of advanced PDR. The main objectives of the vitrectomy are to remove medium opacities, relieve all tractional adhesions, and manage recurrent complications from the previous vitrectomy. After the landmark study by Aiello et al 1 on the association between retinal neovascularization and vascular endothelial growth factor (VEGF), the clearance of smallcell-signaling protein molecules was added to the objectives to reduce diabetic retinopathy after vitrectomy. Ongoing developments in vitreoretinal surgical instrumentation and techniques offer the potential advantages of reduced operating time and faster post-operative recovery. However, these systems still have major limitations when treating advanced PDR. According to recent reports, the incidence of reoperation after the first vitrectomy ranged from 7 to 22%. 2, 3 The main causes of reoperations are recurrent vitreous cavity hemorrhage (early or delayed), TRD, and NVG. 4, 5 Vitrectomy is an invasive procedure that leads to inflammation in the eyes. The inflammation after vitrectomy probably results from a complex interaction between several inflammatory factors. Anti-inflammatory eyedrops including corticosteroids are now used to manage inflammation after vitrectomy, although little is known about how long the inflammation continues after the surgery. Monocyte chemoattractant protein (MCP)-1 is a small cytokine belonging to the CC chemokine family that recruits monocytes, memory T cells, and dendritic cells to sites of tissue injury, infection, and inflammation. 6, 7 It is also induced by hypoxia and bleeding. [8] [9] [10] [11] Clinical studies revealed that MCP-1 increased in the vitreous of patients with PDR and it was suspected of contributing to the progression of diabetic retinopathy. 9, 11, 12 To investigate how vitrectomy affects vitreous levels of VEGF and MCP-1, vitreous samples were obtained at the time of the first PPV and secondary intraocular lens (IOL) implantation or second vitrectomy in patients with PDR. The vitreous concentrations of VEGF/MCP-1 were compared between the first and second surgeries, and their relationship with complications developing after vitrectomy was also evaluated to clarify the mechanism of the prolonged activity of PDR after surgery.
Patients and methods
Patients who required vitreous surgery for PDR at the Fukuoka University Chikushi Hospital were fully informed of the procedures to be used and invited to participate in our study beginning in June 2007. All patients gave informed consent before inclusion in the study.
This prospective study recruited patients with type 2 diabetes mellitus with high-risk PDR requiring PPV, but with no history of triamcinolone or anti-VEGF antibody treatment during this study. PPV was indicated in high-risk PDR with persistent vitreous hemorrhage (PVH) or TRD. The status and changes in PDR were also determined using the modified Fukuda classification. 13 From this classification, retinal hemorrhage, vitreous hemorrhage, fibrovascular membrane, maculopathy, TRD, and NVG were referenced, and vitrectomy was indicated in stages B4 and B5. The criteria for exclusion were previous intraocular surgery, a history of ocular inflammation, retinal detachment associated with a retinal tear, age 480 years, renal and hematologic diseases, uremia, prior chemotherapy, and the presence of chronic pathologies other than diabetes.
All of our patients underwent a vitrectomy with a lensectomy without IOL implantation for the treatment of severe PDR; an IOL was implanted only after confirming that the retinopathy activity had decreased. The IOL implantation was performed at least 90 days after the final vitrectomy. The inclusion criteria for performing a secondary IOL implantation were IOPo20 mm Hg and no apparent intraocular inflammation, rubeosis iridis, vitreous hemorrhage, or proliferative tissue. All patients underwent a comprehensive ocular examination before treatment and periodically up to 6 months after the treatments. This study was approved by the Fukuoka University Clinical Research ethics committee. The procedures performed conformed to the tenets of the Declaration of Helsinki.
Sample collection
Vitreous samples were obtained at the time of the first PPV and secondary IOL implantation or second vitrectomy in patients with PDR. At the beginning of the first PPV, at least 0.5 ml of undiluted core vitreous samples was collected with a 20-gauge cutter probe before opening the infusion port. At the beginning of the second vitrectomy or secondary IOL implant, at least 0.5 ml of undiluted vitreous fluid was collected with a 27-gauge syringe. The samples were collected into sterile plastic tubes and transferred to the laboratory immediately on ice. The sample was centrifuged for 10 min at 4°C at 3000 r.p.m. (1630 × g). The supernatant was aliquoted and stored at -70°C until measured. During the vitrectomy, we delaminated the fibrovascular proliferative membranes, removed the posterior vitreous around the macula, and performed panretinal endolaser photocoagulation of the retina up to the ora serrata. If retinal detachment was detected or developed, it was treated with air tamponade. At the end of the vitreous surgery, an~6-mm diameter hole was made at the center of the anterior capsule, resulting in communication between the anterior chamber and vitreous cavity. This enabled us to obtain vitreous fluids from the anterior vitreous cavity at the beginning of the second surgery.
Measurement of vitreous cytokine levels
The VEGF and MCP-1 levels in vitreous samples were determined using commercial sandwich enzyme-linked immunosorbent assay kits from R&D Systems (Minneapolis, MN, USA). The VEGF kit detected the two short, secreted VEGF isoforms (VEGF121 and VEGF165), but not the two longer cell-associated isoforms. Each assay was performed according to the manufacturer's protocol. The plates were incubated with 100 μl of VEGF or MCP-1 standards and diluted vitreous samples. The optical density was determined at 450 nm with the wavelength corrected at 540 nm using a microplate reader (Biotec, Tokyo, Japan). The minimum detectable concentrations of VEGF and MCP-1 were 15.6 and 31.2 pg/ml, respectively (the intra-assay coefficient of variation (CV) was 4.7% and the inter-assay CV was 6.7% for VEGF vs 4.7 and 5.8%, respectively, for MCP-1).
Statistics
Statistical analyses consisted of the Mann-Whitney's U-test and Spearman's rank correlation coefficient (correlation between proteins and duration) as appropriate using the program SPSS Science (SPSS, Chicago, IL, USA). All the data are presented as the mean ± standard deviation. Boxplot diagrams were used to show the median value and quartiles.
Results

The second surgery cases
Twenty-one eyes of 21 patients (12 men, 9 women) required a second surgery because of prolonged or severe diabetic retinopathy activity. Their mean age was 56.4 ± 10.0 years (range, 37-72 years), and the mean duration of diabetes was 13.5 ± 7.7 years (range 1-28 years). All of the eyes were diagnosed with PDR. The mean HbA 1c was 7.5 ± 1.7% (range, 5.6-10.9%). The reasons for the second surgery were TRD (six eyes), NVG (three eyes), PVH (three eyes), macular pucker (one eye), and secondary IOL implant (seven eyes). One patient had both NVG and TRD. The basic features of these patients are summarized in Table 1 .
PPV changed the intravitreal VEGF/MCP-1 concentrations after vitrectomy
The VEGF level did not decrease at the time of the second surgery (1.09 ± 1.51 ng/ml) compared with the first vitrectomy (0.81 ± 0.88 ng/ml, NS, n = 21), whereas the MCP-1 level increased significantly at the time of the second surgery (2.20 ± 2.21 ng/ml) compared with the first (0.72 ± 0.57 ng/ml, Po0.01, n = 21; Figure 1) .
To investigate the relationship between VEGF/MCP-1 and the interval after the first vitrectomy, a correlation coefficient was calculated using Spearman's rank correlation coefficient. Neither the VEGF nor the MCP-1 levels after the first surgery were correlated with the interval after the first surgery (VEGF: Ρ = -0.06; MCP-1: Ρ = -0.26; Figure 2) . However, the MCP-1 level after the first surgery tended to increase immediately and then decrease with time. We set the mean ± SD of the MCP-1 concentration at the first surgery as the baseline level. Within 60 days of the surgery, none of five patients had a MCP-1 concentration below baseline (mean ± SD, 1.29 ng/ml) at the first surgery, whereas 9 of 16 patients (56.3%) had a MCP-1 concentration below the mean ± SD after 60 days postoperatively. In the secondary IOL implant cases, 6 of 7 patients (85.7%) had MCP-1 concentrations below the mean ± SD 90 days after surgery. 
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The VEGF/MCP-1 levels after vitrectomy (second vitrectomy vs secondary IOL implant)
At the first vitrectomy, comparison of the second vitrectomy cases and secondary IOL implants showed no significant differences in the concentrations of both VEGF and MCP-1 (second vitrectomy: VEGF 0.99 ± 1.03 ng/ml, MCP-1 0.72 ± 0.58 ng/ml; secondary IOL implant: VEGF 0.49 ± 0.46 ng/ml, MCP-1 0.73 ± 0.60 ng/ml; Figure 3 ). The VEGF concentrations in the second vitrectomy cases did not decrease at the time of the second vitrectomy compared with the first (1.58 ± 1.64 vs 0.99 ± 1.03 ng/ml, NS, n = 14), whereas they decreased significantly at the time of the secondary IOL implant compared with the first vitrectomy (0.10 ± 0.17 vs 0.49 ± 0.46 ng/ml, P = 0.05, n = 7; Figure 3a) . The vitreous MCP-1 level was significantly elevated at the second vitrectomy compared with the first surgery (2.87 ± 2.46 vs 0.72 ± 0.58 ng/ml, Po0.01, n = 14), whereas it did not change at the time of the secondary IOL implant compared with the first vitrectomy (0.88 ± 0.40 vs 0.73 ± 0.60 ng/ml, NS, n = 7; Figure 3b ). Figure 2 The kinetics of VEGF and MCP-1 after the first vitrectomy. Bold horizontal broken lines indicat the mean levels and fine broken lines indicat the mean+SD levels of VEGF/MCP-1 at first surgery. Neither the VEGF nor the MCP-1 levels after the first surgery were correlated with the interval after the first surgery (VEGF: Ρ = -0.06, MCP-1: Ρ = -0.26; Figure 2) . However, the MCP-1 level after the first surgery tended to increase immediately and then decrease with time. Figure 1 The concentration of VEGF/MCP-1 changes after vitrectomy. (a) The VEGF level did not decrease at the time of the second surgery (1.09 ± 1.51 ng/ml) compared with the first vitrectomy (0.81 ± 0.88 ng/ml, NS, n = 21). (b) The MCP-1 level increased significantly at the time of the second surgery (2.20 ± 2.21 ng/ml) compared with the first (0.72 ± 0.57 ng/ml, P = 0.003, n = 21). The horizontal lines indicate the change in levels for individual patients between the first and second operations.
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The causal relationships between the VEGF/MCP-1 levels and the reasons for the second vitrectomy Next, we addressed the causal relationships between the MCP-1/VEGF levels and the reasons for the second surgery.
Tractional retinal detachment
We experienced seven eyes (including one patient with NVG+TRD) with TRD for durations ranging from 12 to 169 days after the first vitrectomy. In the case with the shortest interval, the MCP-1 level increased markedly at a concentration of 8.00 ng/ml, which was more than ten times higher than the mean value of the MCP-1 at the first vitrectomy. In contrast, the VEGF level of that patient was below measurable limits ( Figure 4) . The MCP-1 levels in patients with TRD at the second vitrectomy were significantly elevated compared with those with other reasons including NVG, PVH, macular pucker, and secondary IOL implant (TRD, n = 7: 3.18 ± 2.27 ng/ml; other reasons, n = 14: 1.72 ± 2.10 ng/ml; Po0.02, MannWhitney's U-test). The VEGF level did not significantly change (TRD, n = 7: 1.30 ± 1.35 ng/ml; other reasons, n = 14: 0.98 ± 1.61 ng/ml, NS, Mann-Whitney's U-test). Because the MCP-1 level tended to increase immediately after the surgery and it essentially returned to the baseline level 60 days after the first vitrectomy, we compared the MCP-1 level of the second vitrectomy cases with TRD with those for other reasons 60 days after the first surgery. The vitreous level of MCP-1 with TRD was 2.38 ± 0.99 ng/ml, which was significantly elevated compared with those with other reasons (0.83 ± 0.46 ng/ ml; Po0.01, TRD n = 5, other reasons n = 11; Figure 4b ). Three of five TRD cases had extremely high MCP-1 levels (41.86 ng/ml; greater than the mean+2 SD at the first surgery) even 4 months after the first vitrectomy and these three patients had anterior hyaloid fibrovascular proliferation (AHFVP) at the second vitrectomy (Figure 4b ).
Neovascular glaucoma
We experienced four eyes (including one NVG+TRD case) with NVG and the VEGF levels were significantly elevated in all four cases compared with those with other reasons including TRD, PVH, macular pucker, and secondary IOL implant (NVG n = 4: 3.33 ± 1.67 ng/ml; other reasons n = 17: 0.56 ± 0.87 ng/ml, Po0.01, Mann-Whitney's U-test; Figure 4a ). In three of the four NVG cases, the second vitrectomy was performed 2 months after the first. In the other case, the second vitrectomy was performed 5 months after the first surgery and this patient had both TRD and NVG. The MCP-1 levels of the NVG cases were not significantly different compared with other reasons (NVG n = 4: 1.05 ± 0.85 ng/ ml; other reasons n = 17: 2.48 ± 2.36 ng/ml, P40.10, Mann-Whitney's U-test). Next, we compared the MCP-1 level in NVG with other reasons 60 days after the first surgery. The MCP-1 concentration in NVG was 1.05 ± 0.85 ng/ml, which was not significantly different compared with other reasons (1.40 ± 1.03 ng/ml, NS, NVG n = 4, other reasons n = 12; Figure 4b ).
Persistent vitreous hemorrhage
We experienced three eyes with PVH, and the VEGF level differed in each. As the second vitrectomy was performed within 3 weeks in all PVH cases, the MCP-1 level was extremely high (PVH n = 3: 4.96 ± 2.72 ng/ml). The mean MCP-1 level in these cases was more than six times higher than the mean MCP-1 at the first vitrectomy (Figure 4b ). Figure 3 The VEGF and MCP-1 levels after vitrectomy (the second vitrectomy vs the secondary IOL implant). (a) The VEGF concentrations in the second vitrectomy cases did not decrease at the time of the second vitrectomy compared with the first (1.58 ± 1.64 vs 0.99 ± 1.03 ng/ml, NS, n = 14), whereas they decreased significantly at the time of the secondary IOL implant compared with the first vitrectomy (0.10 ± 0.17 vs 0.49 ± 0.46 ng/ml, P = 0.05, n = 7). (b) The vitreous MCP-1 level was significantly elevated at the second vitrectomy compared with the first surgery (2.87 ± 2.46 vs 0.72 ± 0.58 ng/ml, Po0.01, n = 14), whereas it did not change at the time of the secondary IOL implant compared with the first vitrectomy (0.88 ± 0.40 vs 0.73 ± 0.60 ng/ml, NS, n = 7). There were no significant differences in the protein values between IOL implant and secondary vitrectomy samples at first operation. The horizontal lines indicate the change in levels for individual patients between the first and second operations.
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We had only one eye with macular pucker in our cases, and the concentrations of both VEGF and MCP-1 were low in this case.
Discussion
We found that the MCP-1 concentration was elevated in the vitreous of patients with PDR after the vitreous surgery. The MCP-1 level tended to increase immediately after the surgery and then decrease with time. We also found that the MCP-1 level in the second surgery cases with TRD was significantly higher than in those with other reasons (PVH, NVG, macular pucker, and secondary IOL implant).
MCP-1 is induced by tissue injury, infection, and inflammation. 6, 7 Therefore, the MCP-1 level being elevated immediately after the surgery was expected. In our series, the MCP-1 level in patients with PDR had essentially returned to the pre-operative level 60 days after the first vitrectomy. The secondary IOL implant group might represent the kinetics of MCP-1 levels in successful surgical treatment of PDR. In this group, the IOL implant was postponed at the first vitrectomy due to the severity of the diabetic retinopathy. After the diabetic retinopathy entered remission, the vitreous sample was collected at the beginning of IOL implantation. The shortest interval to the secondary IOL implantation was 3 months. The MCP-1 levels in all cases with complications except macular pucker were the same as or higher than in all IOL implant cases. This suggests that prolonged inflammation existed in the vitreous cavity at the second vitrectomy. In addition, patients who needed reoperation because of TRD had particularly high MCP-1 levels at all periods examined. Although previous reports have already revealed that the MCP-1 level in the vitreous with proliferative vitreoretinopathy, retinal detachment, and PDR was significantly higher compared with that in idiopathic epiretinal membrane, [14] [15] [16] this is the first report showing that the MCP-1 level in TRD after vitreous surgery was significantly elevated. In Figure 4b , bold horizontal broken lines and fine broken lines indicated the mean and mean+SD levels of MCP-1 at first surgery, respectively. Three of five patients with TRD had extremely high MCP-1 levels (41.86 ng/ml; greater than the mean+2 SD at the first surgery) even 4 months after the first vitrectomy, and these three patients had AHFVP at the second vitrectomy. Although the sample size was small in this study, the data suggest an association Eye between MCP-1 and TRD after a vitrectomy, including AHFVP. Because signaling by MCP-1/CCR-2, an MCP-1 receptor, has already been proven to promote pulmonary, 17 kidney, 18 and liver fibrosis, 19 further study with a large sample size is needed to elucidate the contribution of MCP-1 to repeat proliferative reactions in the eye.
The VEGF signal protein produced by cells stimulates ocular angiogenesis in PDR. 1 Unlike MCP-1, the VEGF level did not rise after vitrectomy. In Figure 4a , bold horizontal broken lines indicat the mean levels of VEGF at first surgery. Within 3 weeks of the first operation, the VEGF level in three of four patients (75%) fell below the mean of the first vitreous surgery. Several reports have shown that the VEGF level was elevated in patients with NVG. [20] [21] [22] We confirmed that the VEGF level in NVG was extremely high compared with those in other cases. Conversely, three of four (75%) patients with NVG at the second vitrectomy had MCP-1 levels similar to those at the first surgery. In one high MCP-1 case (41.86 ng/ml; greater than the mean+2SD at the first surgery), AHFVP coexisting with NVG was observed at the second surgery. From these data, MCP-1, unlike VEGF, might have a minor role in promoting NVG.
As mentioned in the 'Patients and methods' section, a hole in the center of anterior capsule was made at the end of the first surgery, and this procedure is not routine in vitrectomy surgery. Lens epithelial cells exist on the anterior capsule and these cells sometimes make thick opacity in spite of scrubbing the anterior capsule by a cutter. To prevent thick opacity formation, the hole in the center of the anterior capsule was basically created. This procedure incidentally enabled us to collect the vitreous samples at the second surgery. To be exact, a communication between the vitreous and anterior chambers might alter the concentrations of VEGF and MCP-1 in the vitreous even though the aqueous humor is physiologically secreted from the vitreous side.
Summary
What was known before K There were no informations about the causal relationships between complications after vitrectomy for PDR and pathological proteins such as VEGF and MCP-1.
What this study adds K We found that the MCP-1 concentration was elevated in the vitreous of patients with PDR after the vitreous surgery. The MCP-1 level tended to increase immediately after the surgery and then decrease with time. We also found that the MCP-1 level in the second surgery cases with TRD was significantly higher than in those with other reasons (PVH, NVG, macular pucker, and secondary IOL implant).
